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The purpose of this report is to evaluate the trends of measured sulfur dioxide (S02) concentrations in 
North Dakota's Theodore Roosevelt National Park (TRNP). The "P is divi ed into three ge 
units: the North Unit, the South Unit, and the Elkhorn Ranch Unit. Figure 1 shows where the 
units are located in North Dakota. 

North Dakota is classified as attainment or unclassified for all criteria pollutants. The is classified 
as a Class I area with regard to available ambient increments. Ambient increments are promulgated in 40 
CFR Part 52.21(c). The ambient incre llows specified increases in ambient air concentrations above 
a baseline level. In the case of the , baseline ambient air concentrations are defined as the air 
quality existing in 1978. Table 1 provides the allowable ambient increments for SO*. 

CLASS S F  2 

The 24-hour and 3-hour maxima may be 
exceeded once per year at any 
one location. 

The North Dakota Department of Health's (NDDH) Division of Air Quality ( AQ) has operated pulse 
fluorescent ambient SO2 monitors in the North and South Units of the TRNP since 1980. E 
obtained the available hourly average SO2 concentrations directly from the DAQ. It is the same data 
submitted by the DAQ to the US Environmental Protection Agency's (USEPA) Aerometric In fo~a t ion  
Retrieval System (AIRS). 
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The North Dakota Department of Health (NDDH) has monitored ambient SO2 concentrations using the 
continuous instrumental pulsed fluorescent method at specific locations in the Theodore Roosevelt 
National Park (TRNP) since 1980. The pulsed fluorescent method involves drawing ambient air through 
a sample chamber where it is irradiated with pulses of ultra-violet light. This exposure causes any SO2 in 
the sample to release a characteristic light or fluorescence. The amount of fluorescence measured is 
proportional to the SO2 concentration. 

The pulsed fluorescent method is a recognized continuous monitoring method for ambient SO1 in 
accordance with the regulatory requirements for designation of reference or equivalent monitoring 
methods under 40 CFR 53. 

The Federal EPA has established detailed regulations applicable to ambient air quality surveillance 
40 CFR 58. These types of requirements, which include detailed quality assurance/quality c 
(QNQC) procedures and documentation, have applied over the history of NDDH’s pulsed fluorescent 
ambient SO2 monitoring in TRNP since 1980. All of the NDDH’s ulsed fluorescent ambient SO2 
included in this evaluation have been obtained directly from the NDD ’s Division of Air Q u a l i ~ ,  Air 
Quality Monitoring Branch. 
submitted by NDDH to the US Environemntal Protection Agency’s (USEPA) Aerometric ~ n f o ~ a t i o n  
Retrieval System (AIRS) and satisfy USEPA QNQC requirements. 

The ambient SO2 data included in this evaluation are the same 
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The NDDH's Division of Air Quality (DAQ) has periodically operated pulsed fluorescent ambient SO2 
monitors in the North and South Units of the "F since 1980. Figures 2 and 3 provide maps of the 
locations of the " J P  monitoring sites based on the geographic coordinates listed in AIRS. More 
detailed location maps of the monitoring sites are provided in Appendix A. Table 2 provides the AIRS 
monitor codes for each location. Appendix B contains a compact disc containing the data provided by the 
NDDH. 

s 

The raw 1-hour average data were processed in accordance with the procedures specified in 40 CFR 
Part 50.4 and 50.5 for 24-hour and 3-hour averages, respectively. The 24-hour averages were calculated 
from successive nonoverlapping 24-hour blocks starting at midnight each calendar day. e 
second-highest 24-hour averages were based upon hourly data that were at least 75 percent complete in 
each calendar quarter. A 24-hour block average was considered valid if at least 75 percent of the hourly 
averages for the 24-hour period were available. In the event that only 18, 19, 20, 21, 22, or 23 hourly 
averages were available, the 24-hour block average was computed as the sum of the available hourly 
averages using 18, 19, etc. as the divisor. If fewer than 18 hourly averages were available, the 24-ho 
average was calculated with zeros substituted for the missing values. In thesecases, the 24-hour blo 
average was computed as the sum of the available hourly averages divided by 24. 

Similarly, the 3-hour averages were calculated from successive nonoverlapping 3-hour blocks 
midnight each calendar day. The second-highest 3-hour averages were based upon hourly data 
at least 75 percent complete in each calendar quarter. A 3-hour block average was considered valid only 
if all three hourly averages for the 3-hour period were available. If only one or two hourly averages were 
available, the 3-hour average was calculated with zeros substituted for the missing values. In these cases, 
the 3-hour block average was computed as the sum of the available hourly averages divided by 3. 

The raw I-hour average data included missing observations which were treated in accordance with the 
above discussion. Additionally, numerous observations were reported as zero. Earth Tech conservatively 
treated these observations as equal to the minimum detection limit ( L) of the instruments used to 
measure SO2 concentrations. Three different method codes were assigned to the data: 020, 009, and 060. 
All three methods are pulsed fluorescence methods, although each code represents a specific ~ a ~ y z e r .  
The MDL for the methods employed are listed in AIRS as 2 ppb. However NDD 
Method 060 analyzer as equal to 1 ppb. Therefore, Earth Tech treated the 
25°C and 1 atmosphere) for Method 060 values and as 2 ppb (5.24 pg/m3 @ 25°C and 1 atmosphere) for 
Methods 020 and 009 and used these values to replace the reported zero values. 
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Figure 4 provides a chart of the quarterly data completeness for each monitoring location. The values are 
also tabulated in Table 3. For those cases where data completeness was less than 75 percent for a 
calendar quarter, data for the quarter were considered incomplete and 3-hour and 24-hour average 
concentrations were not calculated. 
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Concentrations measured at the North Unit are generally greater than concentrations measured at the 
South Unit. 24-hour average concentrations are variable, ranging from the MDL of 2.62 pg/m3 to 
162 pg/m’ at the North Unit and ranging from the MDL of 2.62 pg/m3 to 35.6 pg/m’ at the South Unit. 
The 3-hour average concentrations are also variable, ranging from the MDL of 2.62 pg/m3 to 399 pg/m3 
at the North Unit and ranging from the MDL of 2.62 pg/m3 to 93.5 pg/m3 at the South Unit. Figures 5 
and 6 respectively present time series plots of the 24-hour and >hour average SOzconcentrations 
measured at the North Unit monitoring site. Figures 7 and 8 respectively present the same concentrations 
measured at the South Unit monitoring sites. 

A considerable number of the observations were less than the MDL at all three monitoring sites. Figure 9 
presents the percentage of detectable 1 -hour average SOz concentrations measured at the three monitoring 
sites by calendar quarter. Concentrations greater than the MDL are typically measured 5 to 25 percent of 
the time at the North Unit, and 3 to 15 percent of the time at the South Unit. 

The upper percentiles of the data, as shown in Figures 5 through 9 provide evidence of a downward 
concentration trend at the North Unit and seasonality with highest concentrations occurring in the winter. 
Earth Tech calculated selected percentiles of the 24hour average SO2 concentration data by year and by 
month. The selected percentiles were the 99*, 95’, 90*, 75*, and 50* (median). These percentiles were 
then plotted for both the North and South Units to further evaluate the trend in seasonality. 

The upper percentiles by year and by month for the North Unit monitoring site are presented in Figures 10 
and 1 1, respectively. Figure 10 demonstrates that concentrations have decreased over the period of 
record. Even if the years of 1982 and 1983 are ignored, the trend is a decreasing trend demonstrat~ng 
improved air quality. Figure 11 demonstrates the seasonal nature of measured SO2 concentrations. 
highest concentrations are observed during the winter months while the lowest concentrations are 
observed during the Suiiiiiier mo~ths.  

Likewise, the upper percentiles by year and by month for the South Unit ~ o n ~ t o r i n g  site are presente 
Figures 12 and 13, respectively. The 5 0 ~  percentile is not presented in either chart because it was equal 
to the MDL for all years and all months. Figure 12 shows that concentrations have remained cons 
over the period of record, demonstrating that air quality has not degraded. Figure 13 demons 
seasonal nature of measured SOz concentrations. The highest concentrations are observed during the 
winter months while the lowest concentrations are observed during the summer months. 
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As noted in Table 2, the ambient increments can be exceeded once each year. Therefore, the appropriate 
concentrations to compare to the ambient increments are the second highest concentration measured each 
year at each site. Figures 14 and 15 provide plots of the 24hour average and 3-hour average results, 
respectively. The values are also tabulated in Tables 4 and 5. 

A least squares regression was performed on the log-transformed concentrations of each of the data sets 
presented in Figures 14 and 15. The data for the two south unit monitors were combined using Monitor A 
(Peaceful Valley) data fiom 1980 through the third quarter of 1985 and Monitor B (Painted Canyon) data 
from the fourth quarter of 1985 to the present. The results are displayed as trend lines. The trend lines 
for the North Unit data decrease by about a factor of 5 between 1980 and 2000. Therefore, one can 
reasonably conclude that current air quality in the North Unit is better than the air quality of 1980. The 
trend lines for the South Unit data are essentially constant across the period of record. Therefore, one can 
reasonably conclude that air quality has not degraded at the South Unit such that the ambient increments 
would be exceeded. 

The data can also be used to evaluate the magnitude of PSD baseline concentrations needed for current air 
quality in TRNP to exceed allowable ambient increments. For the purposes of this report, Earth Tech 
defined current air quality as the most recent complete year of data collected at a monitoring site, which 
are 1997 and 200 1 for the North Unit and South Unit, respectively. 

The second highest 24-hour and 3-hour average SO2 concentrations at the North Unit in 1997 are 
10.0 pg/m3 and 26.2 pg/m3, respectively. For these concentrations to be in excess of the allowable 
ambient increment, baseline 24-hour and 3-hour average SOz Concentrations at the North Unit would need 
to be 5.0 pg/m3 and 1.2 &m3, respectively. These projected North Unit baseline concentrations are 
depicted graphically in Figures 16 and 17. Both of these baseline concentrations are less than the 
the pulsed fluorescence analyzers available at the time. Given the history of measurable concentrations at 
the North Unit site, the probability that North Unit baseline concentrations were at undetectable levels is 
remote. 

The second highest 24-hour and 3-hour average SOz concentrations at the South Unit in 2001 are 
8.80 pg/m3 and 30.6 pg/m3, respectively. For these concentrations to be in excess of 
ambient increment, baseline 24-hour and %hour average SO2 concentrations at the South Unit would need 
to be 3.8 pg/m3 and 5.6 pg/m3, respectively. These projected South Unit baseline concentrat~ons are 
depicted graphically in Figures 18 and 19 for the 24hour and 3-hour averag iods. These baseline 
concentrations are less than or effectively equal to the MDL of the pu orescence analyzers 
available at the time. e South Unit site, the 
probability that South Unit baseline concentrations were at undetectable levels is remote. 

Given the history of measurable concentrations 
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The results of the TRNP ambient SOz evaluation clearly conclude that air quality has not degraded at 
either the North Unit and South Unit monitoring sites. Further, data collected at the North Unit site 
provide strong evidence that air quality has improved since the PSD baseline year. The magnitude of 
PSD baseline concentrations needed for current air quality to be in excess of allowable ambient 
increments is equal to or less than the MDL of instrumentation available at the time. Given that 
detectable concentrations have been consistently measured at both Units since 1980, the 
probability that baseline air quaiity was always less than MDL levels is remote. Therefore, exceedances 
of allowable increment consumption are presently not likely to be occurring in either TRNP Unit. 




